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IhJTRODUCT ION 
The work d e s c r i b e d i n t h i s d i s s e r t a t i o n was c a r r i e d 
o u t i n c o n t i n u a t i o n of e a r l i e r s t u d i e s i n t h i s l a b o r a t o r y on 
4 - h y d r o x y c o u m a r i n , 3 - p h e n y l - 4 - h y d r o x y c o u m a r i n and t h e r e l a t e d 
u n s a t u r a t e d a l i p h a t i c l a c t o n e , 4 - h y d r o x y - 6 - m e t h y l p y r a n - 2 - o n e . 
The o x i d a t i o n of 4 - h y d r o x y c o u m a r i n and i t s 3 - p h e n y l and 3 - a l l y l 
d e r i v a t i v e s w i t h DMSO/Ac»0 u n d e r d i f f e r e n t c o n d i t i o n s gave 
p r o d u c t s f o r m a t i o n of which i n v o l v e d t h e r e a c t i v e 3 - m e t h y l 
t h i o m e t h y l i n t e r m e d i a t e s ( 1 ) and ( 2 ) wh ich c o u l d n e v e r be 
c a p t u r e i n t h i s r e a c t i o n b u t ( 1 ) was o b t a i n e d u n e x p e c t e d l y when 
( 5 ) was t r e a t e d w i t h DMS0/AC20-'-. 
CH23CH3 
CH23CH3 
( 1 ) ( 2 ) R= CH2-CH-CH2 
o r Ph ' 
( 3 ) 
CH2SCH3 
CH^SCH« 
3 
Of narticulpr interest in this connrction ""'S * hr 
observation that presence of the C-3 substituent dc'o not ir'er-
fere with the formation of the 3-inethyl thiomethyl derivative 
and further that removal of the double bond, which destroys 
inactivation of the lactone by electron release from the 
4-hydroxy group, renders the carbonyl crouo susce-tiole to 
neucleophilic attack leading to opening of the lactone ring. 
( 5 ) 
A s i m i l a r r i n g o p e n i n g was e x o e c t e d when i n s u b s e q u e n t 
work 3 - b r o m o - 4 - h y d r o x y c o u ' " a r i n ( 6 ) was t r e a t e d ^vith CMp=0 in 
e t h e n o l . The e x o e c t e d o r o d u c t ( 8 ) was n o t f o r m e d . 
CH2O 
H^O, EtOH 
CHgOH 
^ 
( 6 ) ( 7 ) 
i 
-CO. 
-> i, OH + HBr 
Instead the reaction took a different course and led 
in a bimolecular reaction seouence involving HOBr elimination 
to (9), which was earlier obtained from the DMSO/AC2O reaction 
2 
of 4-hydroxycoumarin . 
(9) 
Aoainst this b^ tckoround it was decided to probe 
similar reactions with 4-hydroxy-2-pyrone (11) as the substrate. 
In one such reaction the lactone (11) was treated with salycyl-
aldehyde (10) in ethanol in the expectation that it could give 
(12) which after mild oxidation is caoable of further modifica-
tions. The soectral data of the oroduct however did not fit 
structure (12) and indicated that a compound had a coumarin 
5 
nucleus. Stronc ferric colour, m?ss and nmr datp identified 
it as 3-acetoacetyl-2-chromenone. Available literature did not 
contain a reference to this compound and it was not listed in 
the reviews coverinc literature upto 1982. Search of subseouent 
literature in the Abstracts revealed that the reaction was an 
old one but the product was wrongly identified as 3-(2-hydroxy-
benzylidene)-6~methyl-3,4-dehydro-2H-.pyran-2,4-dione (13). The 
correct structure, 3-acetoacetyl-2-chromenone (14) was proposed 
DH OH 
(12) 
lol 
(13) (14) 
8 
3 in a reinvestioation in 1984 by Snanish workers . The 3-aceto-
acetyl-2-chromenone was thus no longer a novel reaction product 
but because of the presence of a number of reactive sites it 
appeared to be suited for the synthesis of other heterocycles. 
The thesis describes work in this direction so far and includes 
a review of work in this and related areas based on the survey 
of chemical Abstracts for the last 3 years. 
THEORETICAL 
The l i t e r a t u r e on h e t e r o c y c l e s for the ons t t h ree 
y e a r s was surveyed from the Chemical A b s t r a c t s wi th the aim of 
f i n d i n g ou t the work done on 4-hydroxy-6-methyl Dyrone-2 and 
i t s a c e t y l d e r i v a t i v e ( t r i a c e t i c ac id l a c t o n e ) , coumar ins , 
4 -hydroxycoumar ins , chromones and chromanones. During the 
cou r se of the su rvey some o t h e r examples which could provide a 
b a s i s for f u t u r e work were a l s o noted down. Out of a t o t a l 
number of 91 r e f e r e n c e s c o l l e c t e d , some are b r i e f l y d i scussed 
h e r e . 
Synthesis of Benzofurans 
The benzofuran nucleus occurs in a laroe number of 
natural products — coumarins, lignans and flavanoids. The 
standard synthesis involves the reaction of an 0-acylohenol 
(15) with bromoesters . 
BrCH2C02Et -> 
,CH. 
^COOH 
(15) (16) 
8 
An interestino variant o": tb.r- Fischer indole synthesis 
introduced by Sheradsky employes O-nhenylhydroxylamine and this 
has been employed in a recent synthesis of 4,5',8-trimothyl 
psoralen^ (20). 
(17) (18) 
(19) (20) 
Allylic compounds were used as precursors of benzo-
furans by Seshadry et al. but the method involving Claisen 
rearrangement and ozonolysis is tedious and not generally 
applicable (Scheme-1). 
9 
•>R-
" ^ ^ ^ ^ 
Scheme - 1 
A recent extension employes methyl (bis methylthio) 
sulphonium hexachloroantimonate reacting with 2-allylphenol (21) 
to cive 2-(methylthiomethyl)-2,3-dihydrobenzofuran (23). 
MeS(SMe2)X' 
^ 
(21) 
• > 
(22) 
X = SbCl, 
(23) 
SMe 
10 
The most interesting development in this area is the 
use of organic copper compounds as exemplified by the synthesis 
p 
of (+) mechicendiol (Scheme-2). 
OHC 
OCH-
IZ. 
OHC 
mechicendiol 
Scheme - 2 
The mechanism and scope of the reaction is discussed 
9 
in detail by Castro et al. The mechanism involves a co-ordina-
tion complex of copper I and the reaction can be summarized as 
Ar—I + CuC=CR < ^ Complex ^ Ar-C=C-R 
It is thus reminiscent of the well known thiophene 
and furan syntheses from acetylenes. 
R - C'^ 'C - C=C - R + H2S 
11 
PhCO 
I 
PhCHOH 
CC02Me 
CC02Me 
K2CO3 
CO^Me 
CO^Me 
C02Me 
C02Me 
The most recent application of the method is in the 
synthesis of isoeuparin (24) and euparin (25). 
• ^ 
(25) 
n 
Pyranochromones 
The pyranobenzooyran nucleus is of wide occurrence in 
natural products. The cyclised C-5 side chain is a freouent 
aopendage in chromones, coumarins and xanthones it is less 
common among flavanoids. The usual method of synthesis for 
pyranoflavones involves AFO reaction (Alcar Flynn Oyamada) of 
the appropriate chalcones or Allan Robinson synthesis as in the 
synthesis of Pongachromene (26). 
CHQOCHO 
H^OCH 
(26) 
13 
A recent innovative synthesis of this class of comr:)-
ounds is of interest as it involves NO2 group as a precursor of 
12 
enolic hydroxyl 
(27) 
+ 
•Ph(R) 
NEt, 
^NO. 
(28) 
H 
Me 
me 
The required starting materials of type (27) are 
13 
accessible through prenylation with isoprene 
1^  
The chemistry of chromones and 3-acyl chromones 
The chromones and their substituted derivatives e.o, 
alkyl chromones and flavones are susceptible to ring opening 
reactions with bases. An early example of the kind of compli-
cations that arise when benzopyran derivatives are exposed to 
ammonia and its derivatives is provided by the reaction of 
3-bromochromanone with diethylamine. The expected product (31) 
is not formed instead loss of HBr gives a chromone which under-
goes Michael addition, elimination reaction (reverse Michael) 
to give rise to a chalcone (34). 
(31) 
(32) 
-HBr 
0 
(35) 
15 
To the samp category belonos the reaction of 
2-hydroxy, 3-bromochromanone (35) with NaOEt, which gives the 
highly reactive formylcoumaranone (36). This product is formed 
probably as shown below 15 
(36) 
Even more interesting is the outcome of the reaction 
of 3-bromochromone with primary amines KJ^O^ and CH^CN, which 
yields the ring contracted product (38) probably through the 
mechanism shovm in scheme-3. 
NHR 
(37) (38) 
Ifi 
9" 
Scheme - 3 
The reaction was initially carried out by Winton and 
Helminton in 1952 and according to them the product was 3-amino-
chromone a conclusion which appears flawed in the light of 
subsequent results. 
The chromones, as is v.'ell knovn, do not readily give 
oximes and hydrozones with the soecific reagents ?>nd earlier 
claims to this effect have been refuted from time to time. Thus 
the reaction of c^ hromone with hydroxylamine supplies the open 
17 
ring products (39) and (40), which could be distinguished 
through their mass spectral fragmentation pattern and similarly 
with hydrazine the product is the pyrazole * (42). 
17 
(39) (40) 
•R ^^ '2^ 2 
0 
(41) 
R= 2-Ph 
N-
V-^ 
(42) 
IH 
Ph 
In subsequent work chromone itself was reacted with 
hydroxylamine hydrochloride. When the reaction was carried out 
in ethanol, the isomeric isoxazoles (43) and (44) were again 
formed (43) being the major product. Under anhydrous conditions, 
however, the chromone oxime (45) was obtained and identified 
throuoh its "'•^C UUR soectrum^^. 
18 
KOH 
a n h y d r o u s 
NH20H,HC1 
+ 
(45) 
(44) 
P h e n y l h y d r a z i n e a l s o c a u s e s r i n g c l e a v a c e of chromones 
b u t u n d e r some c o n d i t i o n s t h e o h e n y l h y d r a z o n e i s formed ' 
( S c h e m e - 4 ) , 
0 
phi-Hr-y:^ 
5C-/,0°C 
0 
NHPh 
PhMHNH2 
No S o l v e n t 
- ^ 
1 8 ^ C , 5 0 / 
P y r i d i n e 
2 ph 
h e a t 
OH 
100 ' / 
'NHNHPh 
^ 
Scheme 4 
19 
Flavone reacts with hydroxylamine in anhydrous pyridine 
to give two products the oxime (46) and isoxazole (47). The 
structure of the latter was confirmed by mass spectrometry. It 
appears from this work that 3-(2-hydroxyaryl) isoxazoles of type 
(43) are not produced in the reaction of flavones with hydroxyl-
amine 
23 On the o t h e r hand, f lavone and t o s y l h y d r a z i n e in hot 
2 4 / X 
e t h a n o l i c h y d r o c h l o r i c ac id y i e l d on ly the to sy lhydrazone ( 4 8 ) . 
NOH 
\ TsNHNH^ 
TS^'bNtiCl t 
H-
Ph 
NMHTs 
3-Formylchrqmones 
The chemis t ry of 3-formylchromone i s even more i n t e r e s -
t i n g . ' Fo rmyla t ion of chromanone i s e f f e c t e d by t r e a t m e n t v;ith 
e t h y l f o r m a t e under bas ic c o n d i t i o n s and i t e x i s t s in the eno l i c 
20 
hydroxymethylene form (51). However when the spirochromanone 
(49) is similarly treated, the product is (50). 
(49) (50) 
The reaction must involve rearrangement of the initially 
formed 3-formyl derivatives as shown in scheme-5. 
JiaOMe^ 
^ ^HCOOEt 
R 
PTsOH,Py 
reflux 
(51) (52) 
Scheme 5 
21 
The sequence involves ring closure of the anion (52) 
during acidic workup followed by proton loss, A similar ring 
25 
opening is proposed for the formation of (58). 
(57) (58) 
Similarly (60) was prepared from (59) by heating with 
ACOH and DABCO. 
DABCO 
Ac OH > 
(59) (60) 
22 
But the 2-methyl derivatives o-ive the 'cetal which 
however split off acetic acid on heatino to aiv( (64) . 
(63) (64) 
The above reac t ions have been used for the synthesis 
of 3-alkenylchromones and are good examples of the v e r s a t i l i t y 
of 3-formyl benzopyran as s t a r t i n g mater ia l for new he te ro-
c y c l e s . 
An i n t e r e s t i n g compound in t h i s context i s (70) which 
i s formed when the chromone 2-carboxylic acid (65) i s t rea ted 
with DCCD 26 
23 
11 
C 
11 
NR 
(66) 
• ^ 
(69) 
The i n t e r e s t l i e s in the f a c t t h a t a s i m i l a r seouence 
27 if r e a c t i o n s as in the case of s p i r a n (59) would lead to (71) 
(71) 
24 
Which i s capab le for f u r t h e r m o d i f i c a t i o n because of 
the f u n c t i o n a l i t i e s p r e s e n t in i t . One such m o d i f i c a t i o n i s the 
D i e l s - A l d e r r e a c t i o n which when a p p l i e d to 3-formylchromones 
l e a d s to ( 7 2 ) . 
OEt 
(72) 
3-Formylchromone i s the s t a r t i n g m a t e r i a l i n a r e c e n t 
s y n t h e s i s of (74) which has the h e t e r o c y c l i c sys tem, c h a r a c t e r -
i s t i c of f u l v i c a c i d ( 7 5 ) , a me tabo l i c p roduc t from mic ro -
o rgan i sms . Add i t ion of 2-methoxypropene (76) to 3 - fo rmyl -6 -
28 
methyl chromanone (77) s u p p l i e s (78) 
25 
(78) 
(77) 
CO2H 0 
(76) 
(75) 
The double bond is sh i f ted to the 2 and 3 posi t ion of 
the chromone nucleus through contac t with rhodium and exposure 
to moist t r i f l u o r o a c e t i c acid e f fec t s CH^ OH el iminat ion giving 
(74) in b e t t e r o v e r a l l y ie lds than those obtained by other 
methods. In another useful synthe t ic venture the 3-formyl 
chromone (79) was reacted with halo ethanol to give the t e t r a -
hydrofuro 2,3-bibenzopyran-4-one (80 ) . 
The r eac t i on was discovered during attempted hydroxy 
e t h y l a t i o n of (79) and (80) under basic condi t ions . I t involves 
Michael addi t ion of the halohydride to the chromone double bond 
follov>'ed by in t ramolecular nuc leophi l ic subs t i t u t ion to the 
26 
furano chromanone (82) from which tho formyl qroup is readily 
29 lost under basic reaction conditions 
CHO 
(79) 
(79) R= H 
(79a) R= CH2CH2OH 
(81) (82) 
The most strikinc example of the diverse reactivity 
of 3-formylchromone (83) is provided by its reaction with ethyl 
aminoethanoate (84) and other amino esters which usually leads 
to a mixture (50:50) of the pyridine, ethyl 4-(2-hydroxybenzoyl)' 
6-(4-oxo-4H-l-benzopyran-3-yl) pyridine-2-carboxylate (85) and 
30 the pyrrole, ethyl 4-(2-hydroxybenzoyl)-pyrrole-2-carboxylate 
(86). The reaction was carried out in the presence of a trace 
27 
of toluene-p-sulphonic acid in refluxinq toluene under a Dean 
and Stark water-trap. It is interesting th^t in a similar 
reaction 3-acetylchromone pave only ethyl 3-(2-hydroxybenzoyl)-
2-methylpyrrole-5-carboxylate (87). 
NH2CH2CC2Et 
(84) (85) 
OH 0 
(86) 
The mechanism proposed for the formation o-^ these 
products are speculative in as much as none o"' the reaction 
28 
intermedir-tes could be caotured but air lot , c ] ly very consis-
tent. It is suggested th^t the pathway Ir-r-jinc to the pyridine 
differentiates itself from that leadinc to cyrrole from the <; 
set of the reaction because dilution, which should suppress 
bimolecular reaction, thus favouring pyrrole formation, does not 
change the product ratio. The statistical orobability of the 
amino function attacking the formyl group ?r.d the methylene croup 
attacking the chromone double bond is about equal and is not 
effected by changes in concentration. Accordingly it is assumed 
that one of these leads to pyridine, the ot-er entirely to the 
pyrrole though it can also contribute tc sc^ extent to pyridine 
as shown in scheme-5. 
CHC 
KH2CH2CQ2Et 
?.= GC^Et 
(89) 
Scheme ~ 6 
Pathways leading to oroduct (88) 
29 
Route ( a ) 
-KH2CH2C02Et 
L-o^^ 
( 8 8 ) 
i iou te ( b ) 
30 
KH2CH2C02Et—Jr 
CHC 
COgEt 
( 8 8 ) 
31 
pathways leading to product (89) 
Route (aQ 
CHO 
+ MH2CH2C02Et > 
OHC 
0 
-> 
y 
C02Et 
Route (bO 
I 
CH (89) 
CC2Et 
(89) 
32 
A f u r t h e r p o i n t of i n t e r e s t i s th-'^t 2 -amino n r c p a n o n t e 
and 2 _ a m i n o p h e n y l e t h a n o a t e b o t h g i v e a p y r r o l e ^ f o r m a t i o n of which 
a l s o i n v o l v e s two chromone u n i t s . A s e p a r a t e mechanism i n v o l v i n c 
i n t e r m e d i a c y of 3 - m e t h y l aminochromone i s p r o p o s e d f o r i t and i s 
j u s t i f i e d by t h e f a c t t h a t t h e i n t e r m e d i a t e r e a c t s in t h i s way 
w i t h 3 - f o r m y l c h r o m o n e ( S c h e m e - 7 and 8 ) . 
0 
-CHO CH, 
NH2CH_C02Et 
/I 
:H. 
H^'-CH-C02Et 
:a . 
0 CH. 
-CU^^C-CC^Et 
Hj^CC0C02Et + 
0 
XH2KH2 
Scheme - 7 
33 
CH^KH^ 
Scheme - 8 
34 
JISCUS^ICK 
The reaction of 4-hydroxy-6-methyl pyrone-2 vvith 
salicylic acid.— It is well known that phenols combine with 
acids to give ortho acyl derivatives under acidic conditions. 
Thus the reaction of phenol or more readilv with resorcinol and 
31 
salicylic acid furnishes (90) which further gives (91) 
OH 
.0-
(91) 
0 
(11) 
Since the C-3 position in lactone (11) is equally 
reactive it was condensed with salicylic acid in presence of 
POCl^/ZnClp in the expectation th?t it would form (12). 
35 
Which might further react with H^O elimination to 
give the xanthone analogue (92). Mild base catalysed hydrolysis 
of (92) should then open the lactone ring to give the highly 
reactive (93) which could further cyclise to the xanthone (92) 
or might be made to do so subsequently after est^rificetior. 
The xanthone analogue (92) could also be reacted 
with ammonia or amines ard thus could provide an entry into 
Some K-heterocycles. The reaction, however, did not proceed 
as visualized and the acid instead underwent self condensation 
to (94) and (95). 
3S 
(94) 
(95) was iden t i f i ed by (M"^*) at 480 followed by t races 
a t 360and 240 due to losses of 120 mu corresponding to the 
fragment 0-Ph-C=0. The required frequency for aromatic lactone 
agrees with IR 1720 cm" . Since i t did not melt upto 300* ,^ and 
the m.p. of the tetramer was not t r aceab le , confirmation was 
obtained through i t s hydrolysis to s a l i c y l i c acid . No t race of 
the pyrone-2 could be found in the react ion mixture and i t v;as 
probably destroyed under the reac t ion condi t ions . 
Reaction of 4-hydroxy-6-methyl pyrone-2 with sal icylaldehyde 
I t was then decided to replace s a l i c y l i c acid by 
sa l i cy la ldehyde . When the r eac t an t s were brought together in 
e thanol and the so lu t ion refluxed for some hours, a nev; product 
37 
was observed on TLC examination of the solution. It crystallised 
out on cooling. It showed a strong ferric positive reaction and 
its IR (Fig.-I) had only one band in the carbonyl region at 1730 
cm" which could be allocated to the pyrone-2 (normal resonance 
at 1710 cm~* ) or a similar carbonyl. The broad bond at 1590 cm" 
with several inflexions is hov.'ever rather characteristic of 
enolised, strongly hydrogen bonded 3-dicarbonyl system. The mass 
spectrum has (M * 230) and shows strong oeaks due to losses of 
methyl (M"'"~15), acetyl (M''"-43) and acetyonyl (M*^ —57) groups. This 
more or less fixes the oresence of a CH2CO~CH2-C-group in the 
molecule which could arise only through opening at the lactone 
ring. The carbonyl absorotion at 1730 cm" must be due to 
another lactone moiety in the molecule and the only structure 
accommodating these features is (96). 
Etcr^ c^V^o 
(96) (97) 
The Dyronp-2 tb^rpfoi^o - 'cts as the e q u i v a l e n t of the 
d i k e t o e s t e r (97) in t h i s r e a c t i o n indeed -)vrnne-2 hajs '^ _ 
il:. JD^/^QC.yJj 
3« 
frecupntly used as nrotpcted polykptomethyl eouiv-ilMi, jr synthe-
sis mimicking the acrt^ t^e pathway to anomalies and heterocyclos. 
The mechanism leading to the coumarin is thus quite understand-
able (Scheme-9). 
ethanol 
H 
-H2O 
Scheme - 9 
0 ^ ^ 
The nmr (Fig.-II) of compound (96) tallies with the 
presence of a coumarin nucleus and a 3-diketone moiety showing 
apart from the multiplet of the aromatic orotons between 5 7,2-
7.8 the IH singlets at S 6,8 and 8.6. It is not possible to 
assign these singlets with complete certainty but the one at 
lower field should be that of the coumarin double bond as in the 
absence of substitution at C-3 it appears at d 7.72 in coum?rin. 
The other singlet is resonably assigned to the enolic hydrogen. 
39 
.'<hile all the drta fit the coumarin structuie some 
chemical transformations were carried out to confirm it. It was 
reacted with hydroxyl amine hydrochloride and ohenylhydrazine 
hydrochloride in ethanol where it supplied tvo new comnounds. The 
compounds formed with KHpOH had M * at 227 indicating incorDora-
tion of the KH^OH into the 3-acetoacetyl coumarin. The two nossi-
ble structure of the oroduct on this basis are (98) and (99). 
0 K 
(98) (99) 
The mass spectrum apart from (M —15) sho\ s a moderately 
stronc peak due to the loss of a fracment of 41 mass units. This 
fits witn loss of CH^-C=N which can be derived only from the 
structure (99). The nmr spectrum again shows sinclets of the 
olefenic protons at d 8,3 and 6.9 which aloncv,/ith the aromatic 
multiplet at d 7.4 supports the assigned structure. Similarly 
one has to again decide between the tv^ o possibilities for the 
product obtained with ohe-^ yl hydrazine. It has (." *) at 3C? 
which fits the isomeric structure (lOO) and (IQl) (Fig. VI). 
40 
(100) (101) 
The singlets of the olefinic orotons are in this case 
at d 7.06 and 8,49 and the arormtic region which is now naturally 
more pooulated, integrates for exactly 9 protons (Fig. III). A 
choice between these two is difficult to make in this case because 
there is no peak at (M"*"*—41) corresoonding to the loss of CH2C^^ 
This could mean that the correct structure is (101) but necative 
evidence is seldom reliable. The analogous fragmentation in this 
case should give rise tc the (102) but the reouired oeaks at 
(M 171) in mass is of negligible intensity (Fio. VI). 
(1C2) 
41 
Reaction of g-naphthol-a-aldehyde with 4-hydroxy-6-methyl pyrone~2 
P-Hydroxy-a-naphtholaldehyde was DrenPred in d i f fe ren t 
context through Gattermann reac t ion of 3-'^3phthol. I t appeared 
of i n t e r e s t to see if i t a lso reacted l ike se l icyla ldehyde with 
the pyrone-2, When the two were brought together in EtOH and the 
reac t ion mixture worked up as before. A product with strong 
pos i t i ve FeCl- reac t ion was again obtained and i t s s p e c t r s l data 
accorded well with t ha t of the naphthyl analogue (103) (F ie . IV 
and F ig . VII) of ( 96 ) . 
(103) (104) 
Reaction of (103) with NH20i,HCl g?ve again thewoxazole 
(104) i d e n t i f i e d by M"*".* 277 and loss of CH^ CN as M"*" 236. Cleavage 
of the bond jo in ing oxazole to the coumarin moiety i s very 
pronounced in t h i s case and gives r i s e to the peaks of moderate 
i n t e n s i t y a t 82 and 195 mu (Fig. V I I I ) . 
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Reactions of acetoacetyl coumarin 
The ^tcetoacetyl coum^ irin exists substantially in the 
enol form (105^) as evident from its ir spectrum but this should 
be in tautomeric eauilibrium with the isomeric form (105B). 
(1C5A) (1C5B) 
It was hoped that exposure to base would generate the 
anion (106) and that this would cyclise to the pyranopyrone (107) 
which is interesting as it has the nucleus of the fungal metabo-
lite citromycetin but differs from it apart from the absence of 
substituent in beino a saturated lactone ring. 
(106) (107) 
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However exposure to bpsc under r VPIKZ/ oi conaitiors 
led to mixtures which could not be separated. The b^se sensiti-
vity of the compound is of course understandable since there are 
a number of sites which are susceotible to nucleoohilic attack. 
The reaction was though attempted under acidic conditions but 
this proved ineffective. In a final attempt it 'vas exposed to 
BF^ etherate in THF, this resulted in the orecioit^^tion '^dthin 
minutes of a solid but it did not have the expected snectral 
properties. Thus (M"*"*) at 278 differs from that required by 
49 mu, this means that the comoound is a BF2 adduct, of the 
coumarin and therefore has structure (108). 
B 
< % 
BF^ adducts of this type have been reoorted in litera-
ture an example beinr difluoroboron chelates of dimethoxy anthro-
auirones " (109). 
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o:/,e 
(109) 
The reaction of diazomethane/ethane with coumarin and aceto-
acetyl coumarin 
Diazomethane as is well known reacts vith a,^-unsatura-
ted carbonyl compounds to oive oyrazolones which decomoose on 
heating to give cyclopropane derivatives (Scheme-lO). 
RCH=CH-C02Et + CH2K2 
/ ^ 
H2C A CHo 
-> R-CH - CH-COOEt > R-CH ~ CH-C02Et 
(Scheme-10 ) 
Coumarin reacts slowly with this reagent to give (112) 
rather than (113) through attack of the mesomeric form (110) of 
diazomethane. 
33 
N=M=Ch,, ( 1 1 0 ) 
^ 
o o^=^o 
CHo-N=N ( i l l ) ^" (112) 
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(113) 
This c o n t r a s t s with the behaviour of ccumarin ir which 
the double bond i s fur ther a c t i v a t e d by in t roduct ion of another 
e lec t ron withdrawing group e .g . NO2, CN, CCXH^  groups. 
Thus both 3 -n i t ro and 3-cyano gives t^e 4-methyl 
de r iva t ive (114) which must involve a t tack by the mesom^rJc 
form (111) . 
- ^ 0 
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The reaction might be, and probably is more complex 
than shown and involves a pyrazoline intermediate (115) which 
(115) 
does not survive at the reaction temperature and breaks down 
with hydrogen transfer. It is interesting however that 3-acetyl 
coumarin undergoes simple methylation with diazomethane, in its 
reaction with diazoethane the 4-ethyl derivative is accompanied 
by the ring expanded product (116)^formation of which must have 
involved the intermediate (117). The technique has been developed 
by Dean and coworkers who found that cleavage of (116) generates 
another a,p-unsaturated heterocycle capable of anothpr addition 
(116) 
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expansion seauence and the process has been carried upto the 
35 
stage of 9 membered ring (118). Against this background it was 
naturally temptino to try the diazomethane reaction on 3-aceto-
acetyl coumarin. As is v^ e^ll known CHpF^ does not attack chelated 
OH groups so that the ooirt of attack must aoain be the double 
bond. It was dissolved in THF and diazomethane added at temoera-
ture below 10°C. After standino for some hours crystalline mate-
rial separated out slowly and was collected. It was nearly pure 
and after crystallisation from THF gave a product (119) m.D.175°. 
Its M • at 244 suggested that only CH2 addition i.e. ring expan-
sion had occured. By analogy with other examples it was formula-
ted as (120) (Fig. IX). 
(118) (119) 
The mass spectrum shows not only clear losses of methyl, 
acetyl and acetonyl orouos as before but also loss of the aceto-
acetyl groups by a stronc peak at {M 85) side chain has there-
fore remained unaffected. Assuming rinc enlargement, the most 
obvious structure is (120). The nmr (Fig.- V) structure has the 
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singlet of the olefinic proton of thr side chain at d 6.0. The 
aromatic hydrocens give rise to a complex pattern which is how-
ever still open to first order analysis in the 300 MHz nmr 
spectrum. 
The aromatic ring has tvi/o tyoes of hydrooens, those 
ortho and oara to the ring oxygen must be at hicher field than 
the hydrogens meta to the oxygen. Accordingly the multiplet at 
d 6.6720 is assigned to the para hydrogen labelled H^ (119) and 
that at d 6.7988 to the ortho H^. These tv^ o hydrocens differ 
in that H. is ortho coupled to H^ and Hg, and meta coupled to 
H.,. Its signal should therefore be a doublet of triplets 
because the two ortho couplings should be of equal value. The 
multiplet at d 6.6720 is indeed a doublet of triplet with 
JAQ= ^LRt- '^•^ ^2 ="^<^  "^ AA'" ^'^ ^^'' ^^® signal of H^, at 
d 6.7988 should be a doublet of doublet as this hydrogen is 
coupled only to one ortho and one meta proton. The signal shows 
accordingly only 4 lines with J.,_= 7.6 Hz and JAIA= 1«1 HZ. The 
Signal of Hg at d 7,0079 similarly is another doublet of triplets 
49 
with JAn= 7.4 Hz and JAin= V.6 Hz and JDDI= 1«1 Hz. The signal 
of Hg, at d 6.8413 confirms to the pattern analysed for H., , 
Of the three quartets the most deshielded one must be 
assigned to the olefinic ring hydrogen, those at higher field to 
the methylene hydrooen. V«e thus clearly have here an ABX system 
2 (120) H^ being the hydrogen on sp carbon. Analysis of the 
quartet at d 5.0127 reveals the coupling constant J^v= 10.05 Hz, 
Jgj.= 8.91 Hz. If the quartet at d 4.6912 is alloted to H^ the 
relevant coupling constants are J^v= 10.05 Hz, J^Q= 5.72 Hz. 
Similarly the quartet at d 4.3668 for Hg imerge the coupling 
constants JDY= 8.88 Hz, JAD= 5.25 Hz. 
The close value of the coupling constants justify the 
analysis and establish finally the structural unit CH2-CH=C. It 
is however not a typical ABX. Case, for J.g geminal coupling 
constant is lower than J.w the vicinal coupling constants. The 
methyl singlet at d 2.2539 is at the required value. 
Str-ucture (120) however does not accord with the I.i 
atmospher at >» 1665 which is too low frequency for the lactone 
carbonyl. It is therefore likely that in the solid phase the 
compound exists as the tautomer (121). 
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EXPERIMEMTAL 
Melting ooints were determined over Kofler Block and 
are uncorrected. Infrared spectra were recorded on a 3P3-100 
PYE-UI.ICA.", infrared soectrophotometer. Proton snectra <vere 
determined on Vari^ -'n A60D (60 MHz), Varian X-lOO, J-^ ol FX-ICC 
(100 i.lHz) and Bruker-300 instruments variously using TMS as 
internal standard in CDCl^, DMSO-d^ and polysol. 
(A) Reaction of salicylic acid with 4-hydroxy-6-methyl pyran-2-
one 
1 gram of 4-hydroxy-6-methyl pyran-2-one was dissolved 
in 20 ml of P0C1-. Salicylic acid (1.09 g) and ZnCl^ (o g) 
freshly fused were added to the solution. The mixture vyas magne-
tically stirred for one hour at room temoerature and then for 
2.5 hr at 60-70°C. The orange coloured reaction mixture was 
poured on crushed ice while stirring. The solid obtained was 
filtered and washed with aa. NaHCOo and then with water. Crude 
oroduct v;as "'ashed "'ith methanol to give v/hite coloured solid, 
identified PG t-^ tramGr of salicylic acid (95) (330 mg) , m.o. ^ o^ove 
3 00*^ 0. 
60 
Spectral data of (95) 
IH(Kujol) V 
NMRCCDCI^) 
Mass 
max 
1720, 1290, 1250 
d 7.1-8.4 (m, Ar) 
m/z 480 (M"^ ') 350, 240, 120 
(B) Reaction of salicylaldehyde with 4-hydroxy-6-'n'-thyl 
pyran--2-one 
Pyran-2-one(0,2 g) was dissolved in eth;=rol (2r ml) 
and eouimolar amount of salicylaldehyde(o.16 ml) as added to 
it. Thr reaction mixture was refluxed for three hours on water-
bath and thpn concentrated and cooled. The crystalline 3-aceto-
acetyl-2-chrcmenone (96) was obtained which on recrystallisation 
from ethanol gave yellow coloured shinninc crystals (0.285 c), 
m.p.l52-3°C. 
Spectral data cf 3-acetoacetyl-2-chromenone (96) 
Irt(Kujol) V 
KMR(CDCl3) 
max 
Mass 
1 7 3 0 , 1 6 1 0 , 1580 
d 8 . 6 ( I H , s , - ^ - C H = C ) , 7 . 2 - 7 . 8 (4H, m, Ar) 
Pi "9 ft 
6 . 8 ( I H , s , -C-CH=C-) , 2 . 1 5 (3H, s , -C-CH3) 
m/z 230 (M"^*), 2 1 5 , 187 , 173 
6t 
(C) Reaction of 3-^ "^ cetoprf • y]-S^ -c hrcnc r r rv ^'IV.i bya'rnxylamire 
hydrochloride 
3-Acetoacetyl-2-chr^menone (C.20 o) wns takpn in 20 ml 
of ethanol with hydroxyl?mjne hyorochloride (C.C62 g). The 
reaction mixture was heated on boilinc w?trr bath f->r 15 minutes. 
Light yellow coloured crystals of 3-methyl-5-(chromen-2-one-3-yl)' 
isoxazole (99) (0.170 g) were obtain'"'^  when the re-action mixture 
was Concentrated and cooled, m.o.182-3 C. 
Spectral data of oxazole (99) 
IH(Nu3ol) M^^^ : 1723, 1610 
KMrt(CDCl„) : d 8c3 (IK, s), 7.2-7c6 (4H, n, Ar), 6.9 
^ O N 
(IH, s, C=Ch-C-), 2.3 i3H, s, CH^) 
Mass : m/z 227 (M"^ ') 212, 185, 173, 130 
(D) Reaction of 3-acetoacetylchr^menone wi~h phenylhydrazine 
hydrochloride 
3~Acetoacetylchromenone (0.20 g) was dissolved in 
ethanol and phenylhydrazine hydrochloride (0.124 r) vas added to 
it. The reaction mixture was refluxed on boilino water-bath for 
half an hour 1-phenyl, 2-methyl-4-(chrcmen-2-one-3-yl)-pyrazole 
(101) was crystallised out on coolinc the concentrated solution 
as light brown crystals (0.C97 mg), m«p.186-7 C. 
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S p e c t r a l d^ta of t ho ( 101 ) 
l a ( N u j o l ) ^^^^ : 172C, 1560 , 1550 , 149C, 1365 
KMRCCDClg) : d 8 . 4 9 ( I H , s ) , 7 . 2 3 - 7 . 5 C (9H, m, A r ) , 7 . 06 
( IH, s , - f = C H - C - ) , 2 . 3 7 (3H, s , CF^) 
Mass : m/? 302 (M*^*) 2 8 7 , 273 , : 3 2 , 2.M. 1 5 ] , 77 
(E) F o r m y l a t i o n o f 6 -naphtho l 
20 grams of (3-naphthol dissolved in 20C c.c. of dry 
ether v^'as taken in a round bottom fl?>sk and dry zinc cyanide 
25 g (1,5 mole for every mole of obenol) vas then added. It was 
magneticallV stirred while the HCl CPS v-jas passed in ranidly. 
Zinc cyanide gradually disappeared with the for'-naticn of a milky 
solution. After 1 hr a yellovvish solid began to separate it 
was stirred further to 2.0-2.5 hr to ensure th?t the ether v/as 
saturated vath HCl. 'when this point v.as reached the steam of 
the c?s passed in -.ore slowly for half an hour with stirring 
lonoer to be certain that all the naphthol had reacted. 
The ether was decanted from the solid material ard the 
imide hydrochloride then decomoosed by boiling it with water 
(100 c.c.) and 85-/ yi^ld of p-naohthol-a-aldehyde was obtained 
meltinr a few degrees below the correct point. Recryst-llised 
from water, m,p.80-1 C. 
6.^  
(F) Reaction of 3~"Qphthol-a-aldchyGe /;i^h 4-r.yuj c xy-u-rroiroxy 
pyran-2-one 
p-haphthol-1-aldehyde (C.5C g) v.?s taken in 4U ml 
e thanol with pyran-2-one (0.366 c) i r a rojnd bottom flr-sk. I t 
was refluxed on a water-bath for 4-5 h r s . ^^ hen the react ion was 
complete i t s concentrated solut ion was cooled and l e f t a t room 
temperature overnight , 2-Acetoacetyl-3H-naphtho-(2, l -b)-pyran-
3-one (103) (0 .30 g) was obtained in the fern of yellow c r y s t a l s , 
m.p.l94-5°C. 
Spec t ra l data of (103) 
IR(Kujol)^)j^g^ : 1720, 1590, 156C ^ Q 
it I 
NMR(Polyso l ) : d 9 . 3 8 ( I H , s ) , 6 .94 ( I H , s , -C-CH=C-) , 
7 . 4 - 8 . 2 (6H, m, A r ) , 2 . 2 1 (3H, s , CH3) 
Mass : m/z 280 (M*^*) 2 6 5 , 2 3 7 , 2 2 3 , 1 9 5 , 168 , 
1 3 9 , 8 5 . 
(G) Reaction of (103) with hydroxylamine hydrochloride 
3-Acetoacetyl-5,6-benzochromenone (C.20 g) \.'as dissol-
ved in ethanol (15 ml) and hydroxylamine hydrochloride (0.050 g) 
was added to it. The reaction mixture was refluxed on a water-
bath for 30-40 min. When no trace of the starting material was 
found on TLC examination, the solution was concentrated, cooled 
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and was kcpl a t room tercocra t u i r ' i cr)-" ta J J i s a t - r . Yello..' 
coloured c r y s t a l s of 2-(3-mr thyl isoyazolP- ' :-yl)-3 ' i-naphtho-
(2 , l -b ) -pyran-3-one (104) were ob t r in rd , m.p.202-3°C, yield 
(0.130 g ) . 
Spec t ra l data of (104) 
IR(Kujol) V^^^ : 1715, 157C, 1610 
K'MR(CDCl^) : d 9 . 0904 ( I H , s , -CH=), 7 . 0 3 5 ( I H , s , 
-^ 0 \\ 
I II 
-C-HC-C) , 7 . 2 4 - 8 . 3 6 (6H, m, A r ) , 2 . 3 9 4 
(3H, s , -CH3) 
Mass : 111/z 277 {vt') 2 6 2 , 236 , 195, 8 2 , 63 
(H) R e a c t i o n of 3 - a c e t o a c e t y l - 2 - c b r c r r i e . n o n e 
i . v'/ith BF^-e t h e r a t e 
0 . 3 0 cram of 3 - a c e t o a c ' t v l - 2 - c ^ - r o p e n o n e v/ere d i s s o l v e d 
i n t e t r a h y d r o f u r a n ( 1 5 ml) a r d BF^ e t h ^ r ^ t e ( 0 . 1 2 5 ml) was added 
t o i t dropvifise a t room t e m p e r a t u r p . Yollcv.' c o l o u r e d comoound 
i d e n t i f i e d a s d i f l u o r o b o r o n c h e l a t e of 3 - a c e t o a c e t y l - 2 - c h r o m p n o n e 
( 1 0 8 ) a p p e a r e d w i t h i n a few m i n u t e s . F i l t e r e d on s u c t i o n pump 
m . p . 2 5 2 - 3 ° C , y i e l d =:i 0 . 3 0 c . 
S p e c t r a l d a t a of ( I C S ) 
I R ( K u j o l ) Vjj^^^ : 1735 , 1 6 1 0 , 1570 , 1520 
65 
KMH(CDCl^+DMSO-d.) : d 9 . 0 5 ( I H , s ) , 7 . 2 5 - 7 . 8 0 (4H, m, A r ) , 6 . 9 
go 
( I H , s , HC-CH=C-), 2 . 5 (3H, s , CH3) 
Mass : m/z 278 ( M ^ * ) , 2 6 3 . 
i i . V/ith d i a z o m e t h a n e 
3 - A c e t o a c e t y l - 2 - c h r o m G n o n e ( 0 . 2 3 g) v a s d i s s o l v e d in 
t e t r a h y d r o f u r a n ( 1 0 ml) and was mixed w i t h d i a z o m e t h a n e 
(Ca ::::i 0 . 1 7 g) i n e t h e r a t 0°C t e m p e r a t u r e . / / h i t e c o l o u r e d 
c r y s t a l s a p p e a r e d a f t e r some t i m e . I t was k e p t i n c o o l o v e r -
n i o h t . The c r y s t a l s o b t a i n e d were f i l t e r e d of 3 - a c e t o a c e t y l - l -
b e n z o x e p i n - 2 - ( 5 H ) - o n e ( 1 2 0 ) ( 0 . 0 8 5 g ) , m . o . l 7 5 ° C . 
S p e c t r a l d a t a of ( 1 2 0 ) 
IR(Kujo l ) V : 1665, 1540 , 1470 ^ Q 
KMR(Polysol) : d 5 . 9 5 9 4 ( I H , s , C-CH-G), 7 . 0 0 7 9 5 ( I H , m, 
A r , J-^= 7 . 4 , J 2 = 7 . 6 , J^= 1 .1 H z ) , 6 . 8 4 1 3 
( I H , m, A r , J^= 7 . 6 and 3^= 1 .1 H z ) , 6 . 7 9 8 8 
( I H , m, A r , J-j_= 7 . 6 Hz and 3^= 1.1 H z ) , 
6 . 6 7 2 0 ( I H , m, A r , Jj^=J2= 7 . 4 Hz and 
J3= 1 .1 H z ) , 5 . 0 1 2 7 ( I H , n, HC'J-CH=, 
J.,= 1 0 . 0 5 and J ^ ^ 8 . 9 1 H 7 ) , 4 .6912 ( I H , a , 
HCH-CH=, J-^= 1 0 . 0 5 and J ^ - ">.7^ H z ) , 4 . 3 6 6 8 
( I H , q , HCH-CH=, J ^ - 8 . 8 "^  and Jo= 5 .25 H z ) , 
2 . 2 5 3 9 (3H, s , CH3) 
Mass : m/z 244 ( M " ^ * ) , 22<^, 2 0 1 , 1 7 3 , 1 3 1 , 85 
6B 
HEFERENCES 
1. Khaliquz Zaman K,han, Khalida Tasneem, Mujeebur Rahman, 
oatya Prakash and Asifuz Zaman, Ind, J. Chem,, 24B, 42 
(1985). 
2. Knpiiauz Zamar Khan, ^ 'ajme Minhaj, Khalida Tasneem and 
Asifuz Z^ raan, J. Chem. Soc. Parkin Trans. I, 841 (1983). 
3. De March P, h'.oreno Manas, M. Roca J.L., J. Heterocycl. 
Chem., 21(5), 1371 (1984). 
4. C. Rodichiero and C. ^ntonella, Ann. Chim.(Rome), 46, 960 
(1956). 
5. le^n, R. Bender, John Hearst and Henry Raooport, J. Oro. 
Chem., 44 Fo.l3, 2176 (1979). 
6. R. Aneja, 3.K. Mukerjee and T.R, Seshadri, Tetrahedron, 
4, 256 (1958). 
7. Giusepp Capozri, Vittorio Lucchini, Franco Marcuzzi and 
6eorgio Modena, J. Chem. Soc. Perkin Trans. I, 3106 (1981). 
8. Gail E. Schneiders and Robert Stevenson, J. Org. Chem,, 44, 
r 0.6, 4710 (1979). 
9. C.E. Castro, rl. Havlin, V.K. Honwad, A. Malte and Steve 
Moje, J. Amer. Chem. Soc, 9^ Ko,22, 6464 (1969). 
10. John i.\. 3urke, Ralph T. Scannel and Robert Stevenson, 
Phyt^cn^Ri.try, 25r,o.5, 124P (1986). 
11. S.K. i^ luk^ rjee, S.C. Sarkar, F.R. Seshadri, I'e t r ih«->drori, 
1063 (1969). 
67 
12. Sutihakar Rao, Takkelao^'ti, H^ri Har '^.athur and Girish Kumar 
Trivedi, Bull. Chem, 3oc. Japan, 58, 3665 (1985). 
13. V.K. Ahluwalia, K.K. Arora and R.S. Jolly, Indian J. Chem., 
213, 629 (1982). 
14. I.M. Lockhart and E..V. Tanner, J. Chem. 3oc. 3610 (1965). 
15. A. .Verle and G. Descotcs, o. Heterocycl. Chem., jL2, 981 
(1975). 
16. M.B. Gammill, S.A. Lash and 3.A. Mizsak the Uojohn Company, 
Tetrahedron Lett., 24, 3534 (1983)o 
17. C.B. Rao, G. Subramanyam and V. Venkateswarlu, J, Org. Chem,, 
24, 683 (1959). 
18. C. Morin and R. 3erc.^!nr-3, Tetrahedron, 33» ^^83 (1977). 
19. V, Szado, J. Borda and V. Vegh, Acta Chim. Acad. Sci. Hung., 
98, 457 (1978). 
20. R. Benaelmans and C. Morin, J. Org. Chem., 42, 1356 (1977). 
21. K. Kostka, Rocz. Chem., 47, 305 (1973). 
22. Kostka and J. Mawrot, Rocz. Chem. 51., 1045 (1977). 
23. 'A'. Basinski and Z. Jerzmanowska, in 'Flavonoids and Bio-
flavonoids: Current Research Trends', Proc. 5th Hugarian 
Bioflavonoid Symposium, ed. L. Farkas M. Gabor and F. Kallay, 
Elsevier, Amsterdom, 2 n (1977). 
24. C. Janzso, F. Kallay --'nd I. Koczar, Tetrahedron Lett., 2269 
(1965). 
?':>. Ghristofer 0. Gabout anj John D, Hepworth, Tetrahedron Lett., 
26 i\o.l5, 1879 (1985). 
68 
25. Filleatre, Claude, Servens, Christian, J, Heterocycl. Chem., 
22(4), 1009 (1985). 
27. Synthesis, 614 (1984). 
28. Francis W. Dean, Mohammad Al Sattar, Dennis, A. Smith, 
J. Chen. Soc. Chem. Comm., 535 (1983). 
29. Peter J. Cemins and Timothy vV. V/allace, J. Chem, Sec. Chem. 
Comm., ^ o„24, 1698 (1984). 
3C. Paul D. Clarke, Alan. C. Fitton, Mario Kosmirak and Hars 
Suschitzky John L. Suschitzky, J. Chem. Soc. Perkin 
Trans. I, r'o.S, 1747 (1985). 
31. D.J. Bichan and Peter Yates, Canadian J. Chem., 5;3, 2054 
(1975). 
32. Peter N. Preston and Thomas Winwick, John 0. Morley, J. 
Chem. Soc. Perkin Trans. I, 1439 (1983). 
33. EoY. Spencer and G.F. Wright, J. Am. Chem. Soc, 63, 2017 
(1941). 
34. H. Janek and u. Wilfinger, Monatsh. Chem., 101. 1123 
(1970). 
35. Robert Clinging, Francis M. Dean and Leonard E. Houghton, 
J. Chem. Soc. Perkin Trans. I, 66 (1974). 
